The photodynamic inactivation of native or denatured transforming deoxyribonucleic acid (DNA) from Haemophilus influenzae is described. The inactivation at the same pH was higher for denatured than native DNA. At acidic pH, the inactivation both for native and denatured DNA was faster than at alkaline pH. The guanine content of photoinactivated native DNA at neutral pH was less than untreated DNA. The inactivation of biological activity was more extensive than the alteration of guanine. The absorption spectrum of photoinactivated native or denatured DNA was only slightly different than the control DNA at the different experimental conditions. The photodynamic inactivation with methylene blue and visible light of transforming deoxyribonucleic acid (DNA) from Diplococcus pneumoniae was demonstrated by Bellin and Oster (2). The DNA isolated from Bacillus subtilis was very rapidly inactivated also, and this inactivation was associated with destruction of guanine (12). We found that light of 300 to 440 nm in presence of methylene blue has a photodynamic action on native transforming DNA from Haemophilus influenzae (7). The present paper describes some of the chemical changes associated with the biological effects of this photodynamic action on native and denatured transforming DNA from H. influenzae.
The photodynamic inactivation with methylene blue and visible light of transforming deoxyribonucleic acid (DNA) from Diplococcus pneumoniae was demonstrated by Bellin and Oster (2) . The DNA isolated from Bacillus subtilis was very rapidly inactivated also, and this inactivation was associated with destruction of guanine (12) . We found that light of 300 to 440 nm in presence of methylene blue has a photodynamic action on native transforming DNA from Haemophilus influenzae (7) . The present paper describes some of the chemical changes associated with the biological effects of this photodynamic action on native and denatured transforming DNA from H. influenzae.
MATERIALS AND METHODS
Microorganism. H. influenzzae type "Rd" was used.
General methodology. The preparation of DNA and competent cells and most of the laboratory techniques were as described by Goodgal and Herriott (4) . Native DNA was extracted from H. i,7fluenzae resistant to 250 ,ug of streptomycin per ml and is referred to as Sm250 DNA. [This marker is the Sm, or Sm2 000 marker of Hsu and Herriott (5) and was first described by Alexander and Leidy (1) . Only 250 ,g of streptomycin per ml was used in the present experiments for screening.] The DNA preparations were characterized by their transforming activity, absorption spectra, phosphorus (6) ing native DNA in 0.05 M NaCI at 97 C for 5 min and quenching in ice water. For renaturation, a 3.0-ml sample of 30 or 10 ug of denatured DNA per ml dissolved in 0.3 M NaCI-0.01 M sodium citrate was incubated at 66 C for 1 hr, after which the system was allowed to cool to 30 C. The cooling took about 2 hr.
Illumination. A Sylvania Fl 5 T8 blacklight bulb, with a range of emission of 300 to 450 nm and a maximum at 350 nm was used. Screw-cap test tubes (10 by 100 mm) containing 3.0 ml of the samples rested upright 4 cm above the fluorescent tube in a glass container containing cold water at 5 C. The illumination was in the cold room. The methylene blue final concentration was 3.3 X 10-5 M.
When native or denatured DNA was illuminated at 30 ug per ml in 0.15 M NaCl at pH 6.8 to 7.0, a control of methylene blue in 0.15 M NaCI without DNA was made to follow the complete dialysis of the dye. A control of DNA and methylene blue was kept in the dark. The transforming activity of the treated samples was calculated as the percentage of this control.
'[he concentration of native or denatured DNA during the illumination at pH 5.0 was 300 and 100 ,ug per ml, respectively. The appropriate volume of concentrated DNA was diluted to 2.7 ml with 0.05 M acetate buffer (pH 5.0), and 0.3 ml of 3.3 X 10-4 M methylene blue was added; the pH of this mixture was 5.0. A 0.3-ml sample was immediately taken and neutralized with 2.7 ml of 0.02 M disodium phosphate; the final pH was 7.2. The tube was then foil wrapped and maintained in the dark. The transforming activity of this control was considered as 100%. Two series of tubes were prepared with 0.3 ml of the original mixture. One series was kept in the dark and the other was illuminated. At intervals, one tube from 681 PONCE-DE LE6N AND CABRERA-JUAREZ each series was removed and neutralized with 2.7 ml of 0.02 M disodium phosphate.
The method used to illuminate at pH 10.0 was similar to the illumination at pH 5.0, but, instead of acetate buffer, a solution containing 0.05 M of KCI, H3B03, and NaOH at pH 10.5 was used.
After illumination and dialysis, the transforming activity was determined according to the doublelayer procedure (4). The absorption spectra were measured in a Zeiss PMQII spectrophotometer in the range of 210 to 300 nm.
Dialysis of the methylene blue. The methylene blue was dialyzed after illumination of the DNA-dye mixture. The methylene blue mixtures were dialyzed at 5 C with 2 liters of 0.15 M NaCl (pH 7.5) for 10 hr, and for another 20 hr with 4 liters of fresh saline. It was previously shown that 30 hr of dialysis was necessary to eliminate the dye (7).
Guanine determiniiation. Guanine solution (1 mg/ml) in 0.1 N HCI was applied to Whatman no. 1 paper in 5-, 10-, 30-, and 40-,uliter volumes. The chromatogram was developed with isopropanol:2 N HCI (v/v) and dried at 37 C for 4 hr. The spots were detected under ultraviolet light, separated, and eluted in 5 ml of 0.1 N HCI by shaking at 37 C for 3 hr. The samples were centrifuged, and absorbance at 250 nm was determined in the supernatant fraction. Figure 1 shows the calibration curve obtained from four determinations.
To determine guanine in the DNA, 1.0 ml (300 ,ug) of unilluminated or photoinactivated DNA solution was placed in an ampoule and mixed with 0.2 ml of 6 N HCI (final concentration equal to 1 N). The ampoule was closed and hydrolyzed in an autoclave at 100 to 110 C during 1 hr. The ampoule was open and kept in a vacuum desiccator with CaC12 and NaOH. The sample dried in about 72 hr. The residue was dissolved in 0.5 ml 0.1 N HCI, and 100 uliters of this solution was deposited on Whatman no. 1 paper. The chromatography was verified as previously described, and the guanine content was calculated from the standard curve.
RESULTS
Illumination of denatured Sm250 DNA at pH 7.0. The transforming activity of the denatured DNA after renaturation was lowered with increased time of illumination (Fig. 2) ; a one-hit curve was obtained. The absorption spectra of the illuminated samples (Fig. 3) showed small changes in comparison with the untreated control. The renatured samples did not show a big difference also, but they displayed a hypochromic effect in comparison with the denatured ones. The per cent of hypochromic effect at 260 nm was 13, 9, 17 and 11 % for the unilluminated, 4-, 8-, and 12-hr illuminated samples, respectively.
Illunination of native or denatured Sm250 DNA at pH 5.0. The photodynamic effect on the transforming activity is shown in the Fig. 4 . The acidic pH had some inactivating action by itself (dark samples). The inactivation by methylene blue and light for the first 12 hr of illumination looks like that of the one-hit curve type, but the denatured DNA was more sensitive than the native. The absorption spectra of the illuminated native or denatured DNA were about the same as the corresponding controls kept in the dark.
Illumination of native or denatured Sm250 DNA at pH 10.0. The photodynamic inactivation of The photodynamic action on deoxyguanylic acid (9, 10, 12) produced a loss of the absorption in the typical ultraviolet region. We believe that this change would have some effect on the absorption spectrum of the photoinactivated transforming DNA. The absorption spectra of the treated samples showed apparently small changes in comparison with the untreated ones. If we verified these small changes in the future by using bigger doses of photoinactivation, it will show that the reaction is not a simple one or that the modified guanine still has an appreciable absorbancy. Simon and Van Vunakis (9), could not follow the photodynamic reaction by spectral changes in nucleic acids, because the hyperchromicity produced by the photodynamic denaturation of the acids masked the hypochromicity caused by destruction of guanine.
